I. INTRODUCTION
Anaesthesia is the term given to the loss of feeling or sensation. It is a method of decreasing sensitivity to pain in a patient while surgery is being performed. Anaesthetists seek an early warning of a patient's level of hypnosis in real time. A number of methods have been developed over the years to determine depth of anaesthesia such as clinical signs (systolic blood pressure, heart rate, sweating and tears), the minimum alveolar concentration (MAC), lower esophageal contractility (LOC), and isolated forearm technique.
However, all these methods still did not achieve the desired accuracy of anaesthetic depth. Clinical signs may vary over a wide range depending on disease, drugs and surgical technique. Heart rate, blood pressure, lacrimation, sweat and ocular signs are not valuable in predicting response to a noxious stimulus [1] . It is impossible to assess a constant level of consciousness through pre-calculating the exact dose of anaesthetics.
Many methods are devised and implemented for the purpose of monitoring the depth of anaesthesia based on electroencephalogram (EEG) signals. The EEG monitors are widely used in clinical practice and they work satisfactorily well most of the time. However, there are still some criticisms in some special cases. The Cerebral State Index (CSI) monitoring was not consistent with the clinical observations in the different stages of the depth of anaesthesia [2] . Narcotrend did not adequately detect the transition between awareness and unconsciousness in surgical patients [3] . The BIS Index is calculated from the following four parameters: (i) burst suppression ratio (BSR); (ii) quazi suppression index; (iii) . This most popular BIS index has also received some criticisms, such as being redundant [4] , not responsive to some anesthetic agents such as ketamine and nitrous oxide [5] [6] . In addition, the BIS hypnotic state in case of poor signal quality [7] . Time delay ana [8] . This study used fourteen artificially generated electroencephalographic signals to analyse the time delay of cerebral state, bispectral, and Narcotrend monitors.
Although the basic principles and algorithms used in the above EEG monitoring devices are completely different, most of them are based on EEG signal analyses in the frequency domain. The analyses of the EEG signals in frequency domain are restricted because they only capture the information relevant to frequency without any reference to time. Fourier transform has no time response or time resolution because it finds the presence of continuous infinite-time sinusoids of a particular frequency within a sample window.
In this paper, we propose a new method for monitoring the DoA using Chaos method. This method is based on modification of the Hurst parameters. Two new indices (CDoA and CsDoA) are proposed in order to estimate the anaesthesia states. To assess DoA with accuracy, a combination of Chaos and Modified Detrended Moving Average (MDMA) methods (C-MDMA) is applied. C-MDMA and BIS indices are compared through the whole scale from 100 to 0 with full recording time on 50 patients. We made pre-and intra-operative use of the proprietary BIS VISTA TM monitor (BIS VISTA Version 3.00, Algorithm Version BIS 4.1, Aspect Medical Systems). Raw EEG data were obtained utilising the four adhesive forehead sensors used clinically for BIS monitoring. Data were exported to a USB drive and transferred to a portable computer for off-line analysis. Processed BIS index was presented in a file with updates every second whilst raw EEG data was presented as a binary file documenting two channels of unfiltered EEG signals. Each EEG sample was a 16-bit signed integer in units each channel [7] .
III. METHODOLOGY

A. Preprocessing
The EEG signals are mainly affected by eye blinks, electrocardiograms (ECGs), and electrooculogram (EOG). An attempt is made to remove ECG patterns, but it is not always successful because recognition requires a detectable repetitive waveform. If any ECG is detected but not removed as it is non-repetitive, then that epoch of data is considered unusable in BIS. Electromyography (EMG) is not considered as an artefact, but if the EMG is large enough to trigger some of the other artefact detectors, it will cause the Signal Quality Indicator (SQI) to decrease [7] . A wavelet-based de-noising algorithm is used to remove the spikes and the low frequency noise from raw EEG signals in this study [13] .
B. Monitoring the DoA using Hurst exponent in Chaos method
Chaos analysis of EEG signals has been reported by researchers in recent years [9] [10] . A chaotic system is characterized by 'unpredictability', which simply means that one cannot predict how a system will behave in the future on the basis of a series of past observations over time. From various experiments, it has been well established that neuronal activities and EEG recordings show many characteristics of chaotic behaviour. In other words, the electrical rhythms of the brain show signs of chaos.
The Lyapunov exponents estimate the mean exponential convergence of nearby trajectories of the attractor. The Hurst exponent which is directly related to the "fractal dimension" has been used to measure the roughness of coastlines [11] [12] 
. The Hurst exponent can distinguish a fractal from random time series, or find the long memory cycles. The values of the Hurst Exponent range between 0 and 1. The sum of the accumulated deviation from the mean of the time series x i having length L is:
where <x> is the average of the time series, that is:
The range R(i) is the difference between the maximum and the minimum of Y(i), over the length L:
Standard deviation over the length L is:
The rescaled range is calculated by dividing the range R by the standard deviation:
The Hurst exponent is estimated by calculating the average rescaled range over multiple regions of the data. If the average (mean) of a data set x is E[x], the expected value of R/S is calculated over a set of regions. It converges on the Hurst exponent power function as:
The constant C influences the value of H. The Hurst exponent (H) is computed by:
C. Modifying the Hurst exponent for monitoring the DoA We set:
) max( R mR (10) We compute the value H S by:
Figs. 1(a) and 1(b) represent the diagrams of mS and mR, respectively. In Fig. 1 To estimate the anaesthesia states of patients, the CDoA and CsDoA trends were compared with the BIS trends, in the whole scale from 100 to 0 with a full recording time. In Fig. 2 and Fig. 3 , when th consciousness to unconsciousness, the CDoA values decreased from 100 to 40 and the CsDoA values decreased from 90 to 30. During the deep anaesthesia time, the CDoA values fluctuated from 45 to 50, and the CsDoA values fluctuated have changed from unconsciousness to consciousness, the CDoA values increased from 40 to 100 and the CsDoA values increased from 35 to 110. Comparing with BIS trends, in the whole scale from 100 to 0 with a full recording time, the CDoA and CsDoA trends are close to the BIS trend. Therefore, the CDoA and CsDoA can be used to monitor the depth of anaesthesia. 
V. STATISTIC RESULTS
The BIS index is scaled between 0 and 100 to correlate with clinical states of a patient. There are five states of anaesthesia. Very deep anaesthesia and deep anaesthesia states have the BIS values from 0 to 40, moderate anaesthesia state from 40 to 60, light anaesthesia state from 60 to 80 and awake state from 80 to 100. If a BIS value is lower than 60, a patient has an extremely low probability of consciousness. The BIS value higher than 70 may have a greater probability of consciousness and potential for recall [7] .
Analysis of variance (ANOVA) [14] for the C-MDMA and BIS distributions is presented in Fig. 5 . In this figure, the pvalue of 0 indicates that differences between the five states of anaesthesia are very significant. A comparison of the C-MDMA and BIS indices for 50 patients undergoing general anaesthesia is presented in Fig. 6 . Five data groups of the C-MDMA and BIS are used in this comparison, corresponding to five states of anaesthesia with BIS index ranges form 0-20, 20-40, 40-60, 60-80, and 80-100. The boxes illustrate the 25 th to the 75 th percentiles of the distributions of C-MDMA at each plane of anaesthesia as -axis, whilst the whiskers illustrate the range for the distributions. ANOVA results in Fig. 5 and Fig. 6 indicate that the C-MDMA distributions at each anaesthesia state level are significantly different (i.e. p=0). The C-MDMA can distinguish five depths of anaesthesia in our sample. 
VI. CONCLUSION
This paper proposes a new approach to monitor the depth of anaesthesia using a modified Chaos method. In this paper, clinically observed changes in conscious state were also observed and recorded by the attending anaesthetist for comparison. The Hurst exponent is estimated by calculating the average rescaled range over multiple regions of the data. The relationship between the maximum values of S(i) (see (3) ) and R(i) (see (4) ) and the clinical states of a patient is identified. To better estimate the results on anaesthesia states of the patients, the CDoA and CsDoA indices are proposed and their trends are compared with the BIS trends. The simulation results shown that CDoA and CsDoA trends are close to BIS trend in the whole time range.
To improve the Chaos method for monitoring the DoA, a combination of the Chaos and the Modified Detrended Moving Average methods is applied. In this new method (C-MDMA), the output R(i) of the Chaos method is the input of the MDMA. The C-MDMA and the BIS indices are compared through the whole scale range from 100 to 0 with a full recording time on 50 patients. We find that C-MDMA can more accurately reflect the transition from consciousness to unconsciousness with the induction of anaesthesia and from unconsciousness to consciousness during an emergence from anaesthesia closer to real time.
